In mammals, GABA C receptors seem to be specifically expressed in the retina and the subcortical visual system with highest extraretinal expression levels in the superior colliculus (SC). Although its presence in the superficial SC has been demonstrated physiologically a direct involvement of this receptor type in fast synaptic neurotransmission still awaits verification. We addressed the question about a possible synaptic localization of GABA C receptors by performing in vitro whole-cell patchclamp recordings of inhibitory postsynaptic currents (IPSCs) in single neurons of the rat SC and the neighboring pretectal nuclear complex, where GABA C receptors are also expressed at significant levels. In order to increase the likelihood to record IPSCs we induced spontaneous activity by application of the potassium channel blocker 4-aminopyridine (4-AP) and blocked glutamate-mediated excitatory neurotransmission with kynurenic acid. All 4-AP-induced postsynaptic currents were of synaptic origin because they were completely suppressed by lidocaine or by substitution of extracellular calcium with cobalt. In 40% of the SC cells and in 60% of the pretectal neurons, IPSCs in the presence of 4-AP and kynurenic acid were only partly blocked by the selective GABA A receptor antagonist bicuculline. Inhibitory currents that were insensitive to bicuculline, however, could be blocked by co-application of either the specific GABA C receptor antagonist TPMPA or picrotoxin, an unselective GABA A and GABA C receptor antagonist. We conclude that GABA C receptors are, at least partially, located synaptically in SC and pretectal neurons in the rat which indicates a direct function of this receptor type for synaptic processing in both structures. 
INTRODUCTION

RESULTS
Identification of neurons
Whole-cell patch-clamp recordings were performed from 45 neurons in SGS and from 21 neurons in the PNC under voltage clamp conditions. Filling the cells with biocytin from the patch clamp pipette allowed us to characterize the dendritic morphology of the recorded neurons after the experiments, which was particularly important for cell type identification of SGS neurons. The dendritic morphology of 28 biocytin-filled SGS cells was fully recovered which included all major SGS cell types that have been described earlier (Langer and Lund 1974) without an obvious bias towards a particular cell class. We identified 7 narrow-field vertical cells, 4 wide-field cells, 4 horizontal cells, 6 piriform cells, 6 stellate cells, and a marginal cell (Fig. 1 ).
Narrow-field vertical cells were characterized by oval to spindle-shaped cell bodies with a vertically oriented long axis and a vertically oriented dendritic tree that had a medio-lateral extent of less than 150µm. Stained axons either run ventrally and leave SGS or show numerous local arborizations (left and right cell in Fig. 1A , respectively). Wide-field cells had round to oval cell bodies and dendritic trees that covered more than 100µm in the medio-lateral axis. In comparison to narrow-field vertical cells, the dendritic trees of wide-field cells were more radially oriented. Stained axons always run ventrally and did not show any local arborizations (Fig. 1B) .
Horizontal cells had oval to spindle-shaped cell bodies with a horizontally oriented long axis. Their to five primary dendrites formed dendritic trees that were oriented prallel to the dorsal SC surface and that spanned up to 500µm in the medio-lateral axis (Fig. 1C ).
Piriform cells had small round to oval cell bodies and showed only sparsely arborized dendritic tree. No preferred orientation of the dendritic tree could be observed although dendrites pointing towards the dorsal SC surface usually were infrequent or completely absent (Fig. 1D) . Finally, stellate cells had small round cell bodies and densely arborized radially oreinted dendritic trees that typically covered around or less than 100µm in diameter (Fig. 1E ).
We also recovered the morphology of 15 of the recorded PNC cells. Because, however, a functional classification of PNC neurons based on dendritic morphology seems impossible (Schmidt et al. 1996 ) no attempts will be made here to classify these biocytin-filled PNC cells.
Influence of 4-AP on SGS neurons
At our standard holding potential (-60mV) all tested SGS neurons (N=41) responded with an excitatory postsynaptic current (EPSC) to SO stimulation. In 23 cells (56%), this EPSC was followed by a recognizable inhibitory postsynaptic current (IPSC), at least at more positive holding potentials. Sixteen cells (39%) did not show an IPSC in response to SO stimulation even when the holding potential was raised to 0mV.
Electrical stimulation in SO activates multiple inputs to SGS, both excitatory and inhibitory. However, single shocks may be insufficient to activate all extrinsic inputs especially those whose axons do not follow the course of optic tract fibers.
Furthermore, local circuits that are activated polysynaptically may exist within SGS, which are also not activated by single electric stimuli in SO. Finally, we have not been able to evoke IPSCs that were insensitive to bicuculline with electrical stimulation in SO, although we could activate GABA C receptors in SGS neurons by bath-applied agonists (Schmidt et al. 2000) . Thus, in order to activate more effectively the largest possible number of inhibitory inputs to individual SGS neurons we bath-applied the potassium channel blocker 4-AP (50µM) (Aronson 1992) . This triggers spontaneous activity and an activation of synaptically evoked excitatory and inhibitory activity. We did not notice any direct effects of 4-AP on the recorded neurons apart from an increase in signal noise as a result of the reduced potassium conductance. Because we were interested in inhibitory inputs only, and in order to prevent excitotoxicity, we always coapplied the unspecific ionotropic glutamate receptor antagonist kynurenic acid (2mM) with 4-AP.
Co-application of 4-AP and kynurenic acid induced spontaneous outward currents, at frequencies between 0.3 and 13.1 Hz (mean 4.8 ±3.2 Hz), in 86% of the SGS cells tested (42/49), including 8 of the 16 SGS cells that did not show IPSCs after electrical SO stimulation (Fig. 2) . The remaining SGS cells without an IPSC in response to electrical stimulation also did not exhibit inhibitory currents in the presence of 4-AP. The conclusion that 4-AP-induced spontaneous outward currents were of synaptic origin was supported by the fact that they could be completely suppressed either by application of the sodium channel antagonist lidocaine (200µM, N=8), which suppresses the generation of action potentials, or by substituting the calcium in the ACSF by cobalt (N=6), which leads to a suppression of transmitter release at synaptic sites (Fig. 3) .
Pharmacological characterization of 4-AP-induced IPSCs
To characterize the types of receptors involved in mediating the 4-AP-induced outward currents, we first examined the effect of the GABA A receptor antagonist bicuculline. In 60% (21/35) of the SGS cells that showed 4-AP-induced outward currents, 10µM bicuculline completely blocked these currents (Fig. 4) , indicating that they were mediated by GABA A receptors. In the remaining cells, the frequency of outward currents was largely reduced by bicuculline (mean reduction 87.3 ±6.6%), however, a considerable number of postsynaptic activity still remained (Fig. 5) . Thus, in these cells some of the 4-AP-induced IPSCs seem to be mediated by bicuculline-insensitive receptors. The activity remaining in the presence of appeared to be of synaptic origin, because it also could be blocked by application of lidocaine or by extracellular calcium substitution with cobalt.
We have shown earlier that almost half of the SGS neurons express functional Although this sample of cells is small, this result indicates that at least a portion of GABA C receptors are localized at synaptic sites in presumed SGS GABAergic interneurons.
Effects of 4-AP on pretectal neurons
Of the PNC cells tested, 86% ( were not overrepresented, we believe that we could reliably classify the majority of our biocytin-filled cells.
Assuming proper morphological classification, our results strongly support the hypothesis that GABAergic interneurons in the rat SGS receive a GABAergic input that activates GABA C receptors at synaptic sites. Similarly, we propose that more than half of cells in the rat PNC also receive a GABAergic input which activates GABA C receptors at synaptic sites. Of course, the proposal of a synaptic localization of GABA C receptors does not exclude the possibility that GABA C receptors located off synaptic sites in addition may be activated by extrasynaptic GABA. 
Activity induced by 4-AP
Pharmacology of 4-AP induced inhibition
In the rat SGS, all three known GABA receptor types seem to mediate local inhibition (Binns 1999 In a previous study on SGS neurons, we activated GABA C receptors by bath application of either GABA or muscimol at concentrations too low to also activate GABA A receptors. The specific activation of GABA C receptors was verified by the ability of the selective GABA C receptor antagonist TPMPA to block agonist-induced effects. Bath application of agonists, however, activates receptors even if they are not synaptically localized. Therefore, in the present study we induced spontaneous transmitter release by 4-AP application and examined evoked IPSCs in order to verify a synaptic localization of GABA A and GABA C receptors. As expected from the ubiquitous distribution of GABA A receptors, most of the IPSCs induced by 4-AP were blocked by bicuculline. However, in 40% of the SGS neurons and in 60% of the PNC cells bicuculline-resistant IPSCs were observed. We propose that these currents were mediated by synaptically located GABA C receptors because they could be completely or largely blocked by addition of either TPMPA or the GABA A and GABA C receptor antagonist picrotoxin. Furthermore, bicuculline-resistant IPSCs had smaller amplitudes and longer rise times than those which were blocked by bicuculline. These differences could reflect different biophysical properties because GABA C receptors have a smaller conductance and are activated more slowly than GABA A receptors (Bormann 2000) .
Thus, a considerable number of cells in SGS and PNC seem to receive a GABAergic input that activates synaptically located GABA C receptors. 
Possible function of GABA C receptors in SC and PNC
We showed earlier that local inhibition in the rat SGS to a large extent depends on (Fig. 10) .
On the other hand, if our proposal of an extrinsic GABAergic input to SGS interneurons that selectively contacts postsynaptic GABA C receptors is correct, the course of its fibers does not seem to follow other afferent systems, which reach SGS by way of SO. Otherwise we should be able to activate this input by SO stimulation in a similar way as we activate the excitatory input of mostly retinal and cortical origin that leads to the EPSCs observed in SGS cells. It seems reasonable to propose that the putative extrinsic GABAergic input that terminates on GABA C receptor-containing synapses can modulate the amount of inhibition in SGS. Because SGS receives multiple GABAergic input, from both visual and nonvisual sources (Appell and Behan 1990; Nunes Carodozo et al. 1994; Binns 2000) , the precise origin of this specific
GABAergic input remains to be determined. It may be speculated that the source of this GABAergic input is located not too distant from the SC because it may be more likely that input fibers from distant sources follow optic tract fibers in SO.
Our knowledge about the intrinsic circuitry in the PNC is less detailed than that for SGS. PNC nuclei also contain many GABAergic cells (Giolli et al. 1985; Nabors and Mize 1991; Van der Want et al. 1992) , some of which are projection cells (Cucchiaro et al. 1991; Wahle et al. 1994) . Apart from the diversity of GABAergic cells, PNC non-GABAergic cells also form different neuronal populations with different functional significance and projection targets (Schmidt et al. 1995) . Therefore, inhibitory interconnections between these cell populations may be expected and GABA C receptors could be involved in local inhibitory mechanisms. However, the PNC also receives a substantial number of extrinsic GABAergic projections (Simpson et al. 1988; Giolli et al. 1992 ; Van der Want et al. 1992 ) whose influence on PNC cells could also be mediated by GABA C receptors. More information about local PNC circuitry is needed in order to propose a function for GABA C receptors in that structure.
Whether the GABA C receptor at those synapses, where it is expressed, is the only GABA receptor type present also remains to be studied. It is possible that GABA C and 
